Introduction {#S0001}
============

Liver cancer (LC) is considered the third most common malignancy in males, and the seventh in females, worldwide, accounting for more than 800,000 new cases per year.[@CIT0001]--[@CIT0003] It is the leading cause of death in the United States (US) and worldwide, accounting for more than 700,000 deaths per year.[@CIT0003],[@CIT0004] In 2018, the two countries with the highest age-standardized incidence rates (ASIRs) of LC among both sexes were Mongolia and Egypt.[@CIT0005] However, LC consists of two types: primary and secondary LC. Primary LC originates in the liver, but secondary LC begins in other parts of the body such as cancers of the breasts, pancreas, colorectal area, ovary and lungs, and invades the liver due to metastases.[@CIT0006]

The most common type of primary LC is Hepatocellular Carcinoma (HCC), which starts and develops in the main type of liver cells (hepatocyte).[@CIT0007],[@CIT0008] The well-known risk factors of HCC are chronic infection with hepatitis B virus (HBV), which considered the most important risk factor of HCC in many countries of Asia and Africa, or hepatitis C virus (HCV), which considered the strongest risk factor for HCC in Western countries. In addition, there are other risk factors that increase the chance of getting HCC, such as obesity or non-alcoholic fatty liver disease, diabetes, heavy alcohol use, tobacco smoking, and consumption of aflatoxins.[@CIT0007]--[@CIT0009] Clinical presentation of HCC can vary from asymptomatic patients to other patients suffering from right upper quadrant pain, lethargy, jaundice, and weight loss.[@CIT0007]

In the US, the American Cancer Society has estimated that 42,030 new patients (29,480 in males and 12,550 in females) are going to have LC diagnosed in 2019, while the number of liver cancer-related deaths is estimated at 31,780 persons (21,600 males and 10,180 females).[@CIT0003] In addition, the incidence rate of LC has more than tripled since 1980, and became three times higher in men than in women.[@CIT0003]

In Saudi Arabia, the International Agency for Research on Cancer (IARC) estimated that the ASIR for LC was 4.5 per 100,000 population in 2018, and the age-standardised mortality rate (ASMR) was 4.2 per 100,000 population.[@CIT0010] Furthermore, in 2014, the Saudi Cancer Registry (SCR) reported that LC ranked sixth in cancer incidence among Saudi males, and ninth among Saudi females.[@CIT0011] The ASIR of LC in Saudi Arabia and Kuwait was slightly higher in comparison with other Arabian Gulf countries. For example, in 2018, the reported ASIR for Bahrain, Qatar, United Arab Emirates, and Oman, were lower than Saudi Arabia, at 3.4, 4.1, 4.2, and 4.4, respectively.[@CIT0010] The main objectives of this study were to investigate and describe the distribution of LC among the Saudi population by focusing on the CIR and ASIR stratified by year of diagnosis, region, and age group. Therefore, we intend to conduct an observational descriptive epidemiological study of the LC while considering the spatial/temporal distribution of registered cases in the SCR from 2004 to 2014.

Materials and Methods {#S0002}
=====================

A retrospective observational descriptive epidemiological study of all LC cases diagnosed in all regions of Saudi Arabia between January 2004 and December 2014 was performed. The data regarding LC incidence in Saudi Arabia are publicly available and easily accessible through the SCR reports; therefore, no ethical approval was required for this observational descriptive epidemiological study. In addition, the data for this study are a population-based cancer registry that was established in 1994 by the Ministry of Health in Saudi Arabia. However, the first cancer report in Saudi Arabia was published in 2001, and the best accurate Saudi cancer reports were issued in the beginning of 2004. Therefore, this study will concentrate its efforts on exploring the epidemiological pattern of LC in Saudi Arabia from 2004 to 2014. Furthermore, the most recent available dataset from the SCR was in 2014.

Since 2001, the SCR has been reporting on the pattern of cancer in Saudi Arabia with the main objective of defining the epidemiological distribution of the disease. Based on these data, there are currently comprehensive reports for 13 administrative regions from 2004 to 2014 that provide the frequency with percentage of cases, the CIR and the ASIR, stratified by the provinces of Saudi Arabia, gender of patients, and the years of diagnoses. This study was conducted using these reports to critically gather all of the information from the SCR with the aim of presenting the descriptive epidemiology of LC in Saudi Arabia.

For data analysis, we used the Statistical Package for the Social Sciences (SPSS) version 20.0 (IBM Corporation, Armonk, NY, USA). The descriptive analysis of the epidemiological data was performed by calculating the overall percentage, the age-specific incidence rate, the CIR, and the ASIR stratified by gender, region, and year of diagnosis. The differences in the CIR and ASIR between the year 2004 and the year 2014 were calculated from the reports published by SCR, to investigate the pattern of LC among male Saudis in different regions. The independent sample *t*-test was used to compare the CIR and ASIR of LC among male and female Saudis. Furthermore, Kruskal--Wallis was used to compare the CIR and ASIR of LC among regions of Saudi Arabia. However, liver cancer sex ratio was calculated from the age-specific incidence rate, the CIR, and the ASIR stratified by age group, region, and year of diagnosis.

The overall percentage of stage distribution of LC among male and female Saudis was calculated from 2004 to 2014. The staging system that is used for all types of cancer in the SCR was classified into four categories: localized, regional, distant, and unknown stage. Localized stage means that the cancer is limited to the place where it started and has not spread to other parts of the body. Regional stage implies that the cancer has invaded to nearby lymph nodes, tissues, or organs, while the distant stage indicates that the cancer has spread to distant parts of the body. However, unknown category means there is not enough information to identify the stage of cancer.[@CIT0012]

Results {#S0003}
=======

Liver Cancer Among Male Saudis {#S0003-S2001}
------------------------------

A total of 3298 LC cases were documented in the SCR between January 2004 and December 2014. The frequency of the number of LC cases increased slightly from 2004 to 2014. In [Figure 1A](#F0001){ref-type="fig"}, it is shown that there were 231 cases in 2004 (7.0%). This figure decreased to 211 by 2005, representing a decline of 0.6%, and this was the lowest percentage stated by the SCR (2005). From 2005 to 2012, the number of LC cases increased from 211 to 344, representing an increase of 4%, this was the highest percentage stated by the SCR (2012). However, the overall number and percentage of LC from 2004 to 2014 among Saudi males was 300 cases (9.1%) per year.Figure 1(**A**) Number and percentage of liver cancer cases among Saudi male between 2004 and 2014. (**B**) Number and percentage of liver cancer cases among Saudi female between 2004 and 2014.

The average number and percentage of LC cases diagnosed between 2004 and 2014, stratified by age group of male Saudis, was calculated using the data from the SCR. The class width of the age groups was 5 years, starting from 0--4, 5--9, 10--14, 15--19, 20--24, and 75 years and over. From 2004 to 2014, Saudi men aged 75 years and over were most frequently diagnosed with LC, followed by those aged 65--69 years, representing 27.8% (83 overall cases per year) and 16.6% (50 overall cases per year) of the total number of LC cases, respectively. In contrast, the younger groups (aged 0--44 years) recorded the lowest overall number and percentage of LC cases ([Figure 1A](#F0001){ref-type="fig"}). In addition, the overall age-specific incidence rate of LC from 2004 to 2014 was high among Saudi males in the age groups 75 years and over, 70--74, 65--69, 60--64 at (70.4, 51.9, 44.4, and 24.6 per 100,000 males, respectively). However, the age-specific incidence male-to-female ratio of LC was higher among Saudi males aged from 45 to 75 years and over, while the age-specific incidence sex ratio was approximately similar for other age groups from 0 to 44 years ([Figure 2](#F0002){ref-type="fig"}).Figure 2Overall age-specific incidence rate of liver cancer cases among Saudi male and female from 2004 to 2014.

The CIRs of LC cases among males in Saudi Arabia, stratified by the year of diagnosis from 2004 to 2014 per 100,000 males, indicate a slight decrease from 2004 to 2005, and a slight increase from 2006 to 2007, then remain stable from 2008 to 2014. According to [Figure 3](#F0003){ref-type="fig"}, a CIR of 2.8 per 100,000 males was estimated in 2004. In 2007, the CIR of 3.6 per 100,000 males was the highest rate recorded by SCR. In addition, the overall CIR of LC among Saudi males from 2004 to 2014 per 100,000 males was 3.2 (95% CI, 3.0 to 3.4). The result of the two independent sample *t*-test indicated that the CIR of LC was significantly higher among Saudi males than females t(20) = 15.514, P \< 0.001). However, the overall crude incidence male-to-female ratio from 2004 to 2014 per 100,000 males was 2.3. The overall CIR of LC stratified by the region of Saudi Arabia from 2004 to 2014 per 100,000 males was also calculated from the SCR, as shown in [Figure 4](#F0004){ref-type="fig"}. The regions of Riyadh and Najran in Saudi Arabia had the highest overall CIRs for LC among Saudi males, at 4.8 and 3.8 per 100,000 males, respectively, and the analysis of Kruskal--Wallis used for data not normally distributed was statistically significant for these regions compared with other parts of Saudi Arabia, *χ*^2^(12, N=143) =72.587, P \< 0.001). In addition, the highest crude incidence male-to-female ratio per 100,000 males was documented in Najran at 4.8, and Baha at 4.4. The lowest overall CIR was observed in Jazan at 1.1, the Northern region at 1.2, and Jouf at 1.4 ([Figure 4](#F0004){ref-type="fig"}).Figure 3Crude incidence rate of liver cancer cases among Saudi male and female from 2001 to 2008.Figure 4Overall crude incidence rate of liver cancer cases among Saudi male and female stratified by region of Saudi Arabia from 2004 to 2014.

The ASIR of LC stratified by the year of diagnosis in Saudi Arabia, from 2004 to 2014 per 100,000 males, was calculated from the SCR ([Figure 5](#F0005){ref-type="fig"}). Similarly, there was a slight decrease from 2004 to 2005, and slight increase in 2006, then a steady decrease from 2007 to 2014. The highest ASIR of LC was recorded in 2006 at 7.5 per 100,000 males, with the lowest being in 2014 at 4.8 per 100,000 males. In addition, the overall ASIR of LC among Saudi males from 2004 to 2014 per 100,000 males was 6.0 (95% CI, 5.5 to 6.5). The results of the two independent sample t-tests indicated that the ASIR of LC was significantly higher among Saudi males than females t(20) = 13.169, P \< 0.001). However, the overall age-standardised incidence male-to-female ratio from 2004 to 2014 per 100,000 males was 2.4. The overall ASIR of LC stratified by the region of Saudi Arabia from 2004 to 2014 per 100,000 males was also calculated from the SCR, as shown in [Figure 6](#F0006){ref-type="fig"}. The region of Riyadh in Saudi Arabia had the highest overall ASIR for LC at 10.4 per 100,000 males, followed by Najran at 7.7, and the analysis of Kruskal--Wallis was statistically significant for these regions compared with other parts of Saudi Arabia, *χ*^2^(12, N=143) =71.758, P \< 0.001). In addition, the highest age-standardised incidence male-to-female ratio per 100,000 males was documented in Najran at 4.8, the Northern region at 5.0 and Baha at 4.6, respectively. Alternatively, the lowest overall ASIRs was documented in Jazan at 1.7, and the Northern region at 3.0 ([Figure 6](#F0006){ref-type="fig"}).Figure 5The age-standardised incidence rate of liver cancer cases among Saudi male and female during the year 2004 to 2014.Figure 6Overall age-standardised incidence rate of liver cancer cases among Saudi male and female stratified by region of Saudi Arabia from 2004 to 2014.

The differences in the CIRs and ASIRs between 2004 and 2014 were calculated to examine the pattern of LC among Saudi males in the different regions of Saudi Arabia ([Figure 7](#F0007){ref-type="fig"}). The highest changes in rates were observed in the region of Najran among male Saudis (CIR, 3.6; ASIR, 6.7), and the lowest changes in the rates of LC among male Saudis were detected in the region of Tabuk (CIR, −1.6; ASIR, −6.3) and Hail (CIR, −2.5; ASIR, −4.5). However, these data indicate up-trending rates of LC among Saudi males living in Najran, and down-trending rates for Saudi males living in Tabuk and Hail.Figure 7The differences in the CIR and ASIR between the year 2004 and the year 2014.

The overall percentage of stage distribution of LC among male Saudis was calculated from 2004 to 2014. LC was diagnosed among Saudi men overall more often at the localized stage 31.4%, followed by distant and regional stages representing 18.4% and 12.1%, while unknown stage of LC was the highest percentage recorded by SCR from 2004 to 2014 at 37.8% ([Figure 8A](#F0008){ref-type="fig"})Figure 8(**A**) Overall % stage distribution of liver cancer among Saudi males from 2004 to 2014. (**B**) Overall % stage distribution of liver cancer among Saudi females from 2004 to 2014.

Liver Cancer Among Female Saudis {#S0003-S2002}
--------------------------------

A total of 1425 LC cases were documented in the SCR between January 2004 and December 2014. The frequency of the number of LC cases increased slightly from 2004 to 2014. In [Figure 1B](#F0001){ref-type="fig"}, it is shown that there were 93 cases in 2004 (6.5%). This figure decreased to 81 by 2005, representing a decline of 0.8%, and this was the lowest percentage stated by the SCR (2005). From 2005 to 2011, the number of LC cases increased from 81 to 158, representing an increase of 5.4%, this was the highest percentage stated by the SCR (2011). However, the overall number and percentage of LC from 2004 to 2014 among Saudi females was 130 cases (9.1%) per year.

The average number and percentage of LC cases, stratified by age group of female Saudis, was obtained from the SCR. From 2004 to 2014, Saudi women aged 75 years and over were most frequently diagnosed with LC, followed by those aged 70--74 years, representing 20.4% (26 overall cases per year) and 15.2% (20 overall cases per year) of the total number of LC cases, respectively. In contrast, the younger groups (aged 0--44 years) recorded the lowest overall number and percentage of LC cases ([Figure 1B](#F0001){ref-type="fig"}). In addition, the overall age-specific incidence rate of LC from 2004 to 2014 was high among Saudi females in the age groups of 75 years and over, 70--74, 65--69, 60--64 at (22.8, 22.7, 14.6, and 12.1 per 100,000 females) ([Figure 2](#F0002){ref-type="fig"}).

The CIRs of LC cases among females in Saudi Arabia, stratified by the year of diagnosis from 2004 to 2014 per 100,000 females, indicate a steady decrease from 2004 to 2005, then remain stable from 2006 to 2014. According to [Figure 3](#F0003){ref-type="fig"}, a CIR of 1.1 per 100,000 females was estimated in 2004. In 2010, the CIR of 1.7 per 100,000 females was the highest rate recorded by SCR. In addition, the overall CIR of LC among Saudi females from 2004 to 2014 per 100,000 females was 1.4 (95% CI, 1.2 to 1.5). Furthermore, the overall CIR of LC stratified by the region of Saudi Arabia from 2004 to 2014 per 100,000 females was also calculated from the SCR, as shown in [Figure 4](#F0004){ref-type="fig"}. The region of Riyadh had the highest overall CIR for LC at 2.3 per 100,000 females, followed by the Eastern region and Asir at 1.3 per 100,000 females, and the result of Kruskal--Wallis was statistically significant for these regions compared with other parts of Saudi Arabia, *χ*^2^(12, N=143) =52.789, P \< 0.001). The lowest overall CIR was observed in the Northern region at 0.4, and Jazan and Baha at 0.7 per 100,000 females, respectively ([Figure 4](#F0004){ref-type="fig"}).

The ASIRs of LC stratified by the year of diagnosis in Saudi Arabia, from 2004 to 2014 per 100,000 females, were obtained from the SCR ([Figure 5](#F0005){ref-type="fig"}). Similarly, there was a slight decrease from 2004 to 2005, and a slight increase in 2006, then they remained stable from 2007 to 2014. The highest ASIRs of LC were recorded in 2006 and 2010 at 3.1 per 100,000 females, while the lowest were in 2014 at 4.8 per 100,000 females. In addition, the overall ASIR of LC among Saudi females from 2004 to 2014 per 100,000 females was 2.5 (95% CI, 2.3 to 2.5). The overall ASIR of LC stratified by the region of Saudi Arabia from 2004 to 2014 per 100,000 females was also calculated from the SCR, as shown in [Figure 6](#F0006){ref-type="fig"}. The region of Riyadh in Saudi Arabia had the highest overall ASIR for LC at 4.9 per 100,000 females, followed by the Eastern region, and Tabuk at 2.8 and 2.6 per 100,000 females, respectively, and the Kruskal--Wallis test was statistically significant for these regions compared with other parts of Saudi Arabia, *χ*^2^(12, N=143) =65.242, P \< 0.001). The lowest overall ASIRs were observed in the Northern region and Baha at 0.6, and 0.9 per 100,000 females, respectively ([Figure 6](#F0006){ref-type="fig"}).

The overall percentage of stage distribution of LC among female Saudis was calculated from 2004 to 2014. LC was diagnosed among Saudi women overall more often at the localized stage 32.3%, followed by distant and regional stages representing 17.8% and 11.7%, while unknown stage of LC was the highest percentage recorded by SCR from 2004 to 2014 at 37.7% ([Figure 8B](#F0008){ref-type="fig"}).

Discussion {#S0004}
==========

The CIRs and ASIRs of LC cases among the Saudi population are essential to be monitored and updated for all regions in Saudi Arabia. In this study, we intended to investigate the pattern of the CIR and ASIR of LC in Saudi Arabia during the years from 2004 to 2014. Notably, this study is considered to be the first descriptive epidemiological study on the spatial/temporal distribution of LC among men and women in different regions of Saudi Arabia, based on the PubMed database. It investigates the real situation of the LC trend and explores the significance of the disease in the entire population of Saudi Arabia.

In this study, we have observed that the highest overall ASIRs for LC among male Saudis, from 2004 to 2014, were documented in the regions of Riyadh, Najran and Tabuk. The most likely reasons for these rising ASIRs are that most male Saudis in Riyadh, Najran, and Tabuk were highly exposed to the risk factors of LC compared with other Saudi males in different regions. Furthermore, the impact of environmental life factors, lifestyle habits, and genetic risk factors may be associated with the increase of ASIRs of LC among male Saudis in Riyadh and Najran.

According to the risk factors of LC, it was seen that almost 50% of HCC cases worldwide are associated with HBV infections and 25% are related to HCV infections.[@CIT0013] The risk that a person will develop HCC is 100-fold higher for patients infected with HBV than for those who are not infected.[@CIT0014] A systematic review and meta-analysis for 36 published studies in Saudi Arabia from 1965 to 2013 found a 3.2% prevalence of HBV, which was slightly lower than the worldwide prevalence of 3.6%.[@CIT0015]

In Saudi Arabia, obesity and instances of being overweight are increasing with an overall rate of 35.5%.[@CIT0016],[@CIT0017] The region of Riyadh is considered one of the most highly affected areas with obesity in Saudi Arabia, with a 35% prevalence of obesity.[@CIT0018] Therefore, the rate of LC was significantly higher in Riyadh than in other parts of Saudi Arabia. In contrast, the areas least affected by LC were observed in the region of Jazan, which recorded the lowest rate of obesity in Saudi Arabia at 2%.[@CIT0018]

The most epidemiological studies have suggested that diabetes mellitus is a risk factor for HCC. The incidence of HCC is approximately three times higher in diabetic patients than in those who do not have diabetes mellitus. Furthermore, the increasing prevalence of diabetes mellitus may contribute to the increase of HCC.[@CIT0011] In 2013, the Saudi Ministry of Health conducted a large national survey to investigate chronic diseases, health behaviours, and risk factors among adults aged (at least 15 years old) in all regions of Saudi Arabia. They observed that the prevalence of diabetes mellitus in the region of Riyadh is 20 times higher than in Jazan. Therefore, our results indicate that the region of Riyadh in Saudi Arabia had the highest overall ASIR of LC among Saudi males and females, and the region of Jazan had the lowest overall ASIR of LC among Saudi males and females, which means that presence of diabetes may contribute to the increase of ASIR of LC in the region of Riyadh, and contribute to the decrease of LC in the region of Jazan.[@CIT0018] However, it is very difficult to give a good explanation for the increase of ASIR of LC in the regions of Riyadh and Najran without conducting analytic epidemiological studies that help to investigate the real association between exposures and outcome. Therefore, a case-control study should be conducted to identify the most important risk factors of LC among Saudi males living in the regions of Riyadh and Najran. Researchers in the field of cancer epidemiology may observe the association between risk factors in Riyadh and Najran that contribute to the increase in the incidence of LC in Saudi Arabia.

Our results indicate that Jazan and Northern region had the lowest overall ASIRs for LC among male Saudis, from 2004 to 2014. The most likely explanation for the decrease of ASIRs is that most male Saudis in Jazan and Northern region were highly exposed to specific protective factors of LC compared to other Saudi males living in Riyadh and Najran. Furthermore, cancer researchers may also investigate the relationship between the protective factors in Jazan and Northern region that play a big role in the decline in the incidence of LC in Saudi Arabia. However, it is also essential to conduct analytical epidemiological studies such as case-control studies to determine the relationship between the protective factors and LC cases among Saudi males living in Jazan and Northern region.

The most important changes in the CIR and ASIR of LC were analysed among Saudi males in different regions of Saudi Arabia, in the year 2001 and the year 2014. The highest changes in rates were observed in the region of Najran among Saudi males, which means that the LC cases diagnosed increased the CIR by 3.6 cases per 100,000 males, and the ASIR increased by 6.7 cases per 100,000 males. However, these data indicate an up-trending rate in these regions and the likely explanation for the differences in CIR and ASIR suggests that male Saudis living in Najran were affected more by LC over an 11-year period (2004--2014). In addition, our findings indicate that the lowest changes in the CIR and ASIR of LC were observed in the region of Tabuk and Hail among Saudi males. It means that the LC cases diagnosed in Tabuk and Hail decreased the CIR by 1.6 and 2.5 cases per 100,000 males, and the ASIR decreasing by 6.3 and 4.5 cases per 100,000 males. However, these data indicate a down-trending rate and show that male Saudis living in Tabuk and Hail were less affected by LC over an 11-year period (2004--2014).

In 2018, the International Agency for Research on Cancer (IARC) estimated that the ASIR for LC in Saudi Arabia among both sexes of all ages was 4.5 per 100,000 individuals, which is considered slightly low in comparison with other countries, including the Arabian Gulf countries.[@CIT0007] Egypt had the highest ASIR of LC among both sexes of all ages at 49 per 100,000 individuals; this figure was 11-fold greater than Saudi Arabia's ([Figure 9A](#F0009){ref-type="fig"}). In addition, the most recent age-standardised mortality rate (ASMR) of LC among both sexes, all ages were reported in Saudi Arabia at 4.2 per 100,000 individuals.[@CIT0007] This rate was relatively low compared to those of other countries, including Arabian Gulf countries. Furthermore, Egypt had the highest ASMR of LC among both sexes of all ages at 31.8 per 100,000 individuals; this figure was 7.5-fold greater than Saudi Arabia's. However, Iraq had the lowest ASIR and ASMR of LC among both sexes of all ages at 2.7 per 100,000 individuals ([Figure 9B](#F0009){ref-type="fig"}).[@CIT0007] The pattern and trend of LC among male and female Saudis should not be neglected because of the low ASIRs and ASMRs.Figure 9(**A**) Age-standardised incidence rate of liver cancer (World) in 2018, both sexes, all ages. (**B**) Age-standardised mortality rate of liver cancer (World) in 2018, both sexes, all ages.

The strengths of descriptive epidemiological studies are generally their speed, inexpensiveness and ease of conducting. Furthermore, they allow the researcher to study the independent variables without considering any specific cause or hypotheses. These studies often do not need ethical approval, except if the information required is of a confidential nature. Furthermore, descriptive studies help generate a new hypothesis regarding the cause of disease, which can be tested using more complex study design. However, these studies are born with some limitations, which include there being no comparison group and that the statistical association between variables cannot be tested.[@CIT0019] In this study, the overall mortality rates of LC in different regions of Saudi Arabia were not calculated, because the reports of SCR had no data related to the number of deaths from LC. Despite the unavailable data related to the geographic distribution of LC among male and female Saudis, except for the SCR reports, we intended to clarify the real patterns of LC in different regions during the years from 2004 to 2014. Therefore, the findings of our study are very significant to the researchers and decision makers in Saudi Arabia.

Conclusion {#S0005}
==========

This study revealed a slight increase of the CIR and ASIR of LC among the Saudi population. Riyadh and Najran had the highest overall ASIRs of LC among males, and Riyadh, Eastern region, and Asir among Saudi females, while the Northern region, Baha, and Jazan recorded the lowest rates among male and female Saudis. The overall age-standardised incidence male-to-female ratio from 2004 to 2014 per 100,000 males was approximately more than double that of the female Saudi population. Further analytical studies are needed to identify the potential risk factors for LC among the Saudi population.
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